Fecal specimens from patients with acute diarrhea were collected from 10 prefectures in Japan over a 6-month period (November 1992 to April 1993), and the specimens that were negative for human group A rotaviruses were screened for the presence of human group C rotaviruses (CHRVs) by the reverse passive hemagglutination test. Of 784 specimens examined, 53 samples (6.8%) that were collected in 7 of 10 prefectures were positive for CHRV, indicating that CHRVs are widely distributed across Japan. Most of the CHRV isolates were detected in March and April, and CHRVs mainly prevailed in children ages 3 to 8 years. The genome electropherotypes of eight strains isolated in five individual prefectures were surprisingly similar to each other and were different from those of CHRV strains isolated to date. The outer capsid glycoprotein (VP7) gene homologies of the isolates retrieved in 1993 were subsequently analyzed by the dot blot hybridization method. As a result, the VP7 genes of the isolates revealed very high levels of homology not only with each other but also with the VP7 gene of the OK118 strain isolated in 1988. These results suggest that a large-scale outbreak of CHRV occurred during the winter of 1992 and 1993 in Japan.
Rotaviruses are recognized as the major etiologic agents of diarrheal diseases in young children and animals. The genome of rotaviruses consists of 11 segments of double-stranded RNA (dsRNA) enclosed in a double-shelled particle. Rotaviruses are classified into seven groups (groups A to G) on the basis of their dsRNA electropherotypes and a common group antigen on the inner capsid protein (protein VP6) (19) .
Group C rotaviruses were first recognized in swine (2, 20) and then were confirmed as human pathogens by Bridger et al. (4) . During the last decade, human group C rotaviruses (CHRVs) have been associated with several outbreaks of acute diarrhea in Asia (12, 18) , Europe (3, 5) , and South America (7) . More recently, CHRVs have been detected in patients with sporadic cases of diarrhea in the United States (9) . These observations indicate that CHRV is widely distributed and is likely to be an emerging pathogen.
CHRV infections in Japan were first recognized by Oseto et al. (17) in 1985. Ushijima et al. (23) also detected CHRVs from fecal specimens collected in the Tokyo area in 1987. Since then, some researchers have recognized CHRV infections in individual locations (6, 14, 16) . However, none of these investigators have carried out an epidemiological study that covers several locations in Japan.
Until recently, the detection of CHRVs in fecal specimens was usually performed by immune electron microscopy with CHRV-specific antisera or polyacrylamide gel electrophoresis (PAGE) of viral dsRNA, because CHRVs were noncultivatable. The difficulty in detection has hindered the epidemiological analysis of CHRV infections. Recently, we have developed a reverse passive hemagglutination (RPHA) test using CHRVspecific monoclonal antibodies (11) . This test is very easy to perform and should be a useful tool for the screening of CHRVs on a large scale.
In this study, we collected fecal specimens from patients with diarrhea in 10 prefectures in Japan and examined the specimens for the presence of CHRVs by the RPHA test. As a result, CHRVs were detected in seven prefectures. To define the genetic relationship among the CHRV field isolates, we analyzed the genome electropherotypes and the outer capsid glycoprotein (VP7) gene homologies of the isolates.
MATERIALS AND METHODS
Fecal specimens. Between November 1992 and April 1993, 1,114 fecal specimens from patients with acute diarrhea were collected at pediatric clinics or outpatient sections of general hospitals in 10 prefectures in Japan. Figure 1 shows the geographic areas in which the specimens were collected.
All fecal specimens were screened for human group A rotaviruses with an enzyme-linked immunosorbent assay (ELISA) kit (ROTACLONE; Cambridge Biotech, Worcester, Mass.). The specimens that were negative for human group A rotaviruses were further examined for the presence of CHRV by the RPHA test.
RPHA test. The RPHA test was performed as described previously (11) . Briefly, 10% suspensions of the fecal specimens in phosphate-buffered saline (pH 7.2) were centrifuged at 2,000 ϫ g for 10 min and the supernatants were tested. Serial twofold dilutions of the samples were made in duplicate. In one dilution series, a 0.7% suspension of sheep erythrocytes (SRBCs) coated with CHRVspecific monoclonal antibodies was added to each well. In the other series, SRBCs coated with normal mouse immunoglobulin G (control SRBCs) were added. Hemagglutination titers were observed after 1 h. When the RPHA test titer with monoclonal antibody-coated SRBCs was four or more times greater than that obtained with the control SRBCs, the sample was judged to be CHRV positive.
RNA extraction. Fecal suspensions containing CHRVs were extracted with an equal volume of trichlorotrifluoroethane, and the supernatants were adjusted to contain 10 mM EDTA, 0.6% sodium dodecyl sulfate (SDS), and 300 g of proteinase K per ml. The suspensions were incubated for 1.5 h at 40°C and then extracted with phenol-chloroform. Viral RNA was further purified with an RNAID kit (Bio 101, Inc., La Jolla, Calif.) according to the manufacturer's instructions. The purified RNAs were stored at Ϫ30°C until use. Dot blot hybridization. Hybridization tests were carried out as described previously (10) . In brief, the VP7 genes of CHRV isolates were first amplified by the reverse transcription-PCR (RT-PCR) method (10) and were then purified with a Suprec-02 column (Takara Shuzo Co., Ltd., Kyoto, Japan). Equivalent amounts (200 ng) of the genes amplified by RT-PCR were blotted onto nylon membranes and were separately hybridized with K9304, OK118, and OK450 VP7 genes that had been labeled with digoxigenin-11-dUTP (Boehringer, Mannheim, Germany). Hybridization was performed under highly stringent conditions (50% formamide and 5ϫ SSC [1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate] at 52°C). After hybridization, the membranes were washed twice in 0.1ϫ SSC containing 0.1% SDS at 68°C for 15 min. Colorimetric detection of the hybridized probe was carried out according to the manufacturer's instructions.
Sequencing of the VP7 genes. The VP7 gene of a clinical isolate (isolate K9304) was amplified by the RT-PCR method and was then cloned into plasmid pUC18 (10) . Five individual recombinants were isolated, and both strands of the cloned DNA were sequenced by the dideoxynucleotide chain-termination method (Applied Biosystems, Foster City, Calif.). Nucleotide sequence data were then analyzed by the GENETYX-MAC, version 6.0, program. The program MAlign, version 1.0, was also used for sequence alignments.
Nucleotide sequence accession number. The nucleotide sequence data for the VP7 gene from strain K9304 has been submitted to the DDBJ DNA database and has been assigned accession number AB004250.
RESULTS

Detection of CHRVs from fecal specimens by RPHA test.
The results of the detection of rotaviruses are summarized in Table 1 . Human group A rotaviruses were detected in 330 of 1,114 specimens. Group A rotavirus-negative samples were further examined for CHRVs by the RPHA test, and 53 were positive. The geographic distribution of the seven prefectures in which CHRVs have been detected is shown in Fig. 1 . CHRVs were mainly distributed in the western area of Japan. The rates of positivity for CHRV were considerably lower than those for human group A rotavirus (Table 1 ). No significant difference was observed between the rates of positivity for males and females (data not shown).
The epidemiological features of CHRV infections were then compared with those of human group A rotavirus infections. CHRVs were mainly detected in March and April (Table 1) , whereas most human group A rotavirus infections occurred between January and February (data not shown). The agespecific attack rates for human group C and group A rotaviruses are compared in Table 2 . Although CHRVs principally prevailed in children ages 3 to 8 years, the target age groups of human group A rotavirus were below 3 years. The mean age of the patients infected with CHRV (4.36 years) was significantly (P Ͻ 0.01) higher than that of patients infected with human group A rotavirus (2.19 years).
Genome electropherotypes of CHRV field isolates. Only eight specimens which were obtained from five prefectures had enough volume from which viral dsRNA could be extracted for genome electropherotype analyses. The RNA segments were Figure 2 (lanes 1 to 8) shows the genome electropherotypes of the field isolates. Every strain exhibited the typical 4-3-2-2 profile of group C rotavirus. Although the strains were isolated in five individual prefectures, the electropherotypes of all strains were similar to each other. We previously demonstrated that the genome electropherotypes of CHRVs isolated in Okayama from 1988 to 1990 were classified into patterns I and II (6, 10) . The electropherotype of the K9304 strain, which was selected as a representative of the isolates retrieved in 1993, was then compared with those of the OK118 (pattern I) and the OK450 (pattern II) strains in the same gel (Fig. 2, lanes 9 to 11) . The RNA profile of K9304 was different from those of both OK118 and OK450, and so this electropherotype was tentatively designated pattern III. The electrophoretic mobilities of the 2nd, 3rd, 7th, 10th, and 11th segments of K9304 were similar to those of the corresponding segments of OK118, while the 1st, 4th, 5th, and 6th segments migrated to the same positions as those of OK450, suggesting that pattern III is a combined electropherotype of patterns I and II.
Analysis of the VP7 genes from CHRV field isolates. The VP7 gene homologies of the field isolates were further analyzed by dot blot hybridization with VP7 gene probes from the K9304, OK118, and OK450 strains. Epidemiological data and the hybridization results for the 19 isolates used in this study are presented in Table 3 . The VP7 genes of all isolates strongly reacted with the K9304 probe as well as the OK118 probe, while weak hybridization signals were observed with the OK450 probe. These results indicate that the VP7 genes of the isolates retrieved in 1993 have high levels of homology not only with each other but also with the VP7 gene of the OK118 strain, which was isolated in 1988.
To confirm our findings, the VP7 gene of K9304 was cloned and sequenced. The VP7 gene of K9304 was 1 quences of the VP7 gene from K9304 were further compared with those of the genes from OK118 and OK450. As indicated in Table 4 , a surprising level of sequence conservation was observed between K9304 and OK118 (more than 99.1%), whereas the overall nucleotide and amino acid identities between K9304 and OK450 were relatively low (95.6 and 96.7%, respectively).
DISCUSSION
This study, the first survey of CHRVs in various locations in Japan, indicated that CHRVs are widely distributed in Japan. The rates of CHRV positivity ranged from 2.7 to 13.3%, and the CHRV isolates were mainly detected in March and April. Moreover, CHRVs principally prevailed in children ages 3 to 8 years. These epidemiological features are clearly distinct from those of the human group A rotavirus. Oseto (16) previously carried out an epidemiological study of CHRVs over a 3-year period in Matsuyama City, Japan. Our observations were consistent with those reported by Oseto (16) .
In this study, we screened only the human group A rotavirusnegative specimens for the presence of CHRV. Jiang et al. (9) have recently reported mixed infections with human group A and group C rotaviruses in the United States. We therefore examined by the RPHA test group A rotavirus-positive specimens (n ϭ 52) that were collected in Okayama and Shimane (data not shown), but none of the specimens was positive for CHRV, indicating that the mixed infection might be rather rare. In fact, Jiang et al. (9) recognized only one mixed infection among 1,676 samples. However, screening of rotavirus infections must hereafter include screening for mixed infection.
The RPHA test could successfully detect CHRVs even in fecal specimens that were insufficient for immune electron microscopy or genome electropherotype analyses. To inspect the specificity of the RPHA test, the RPHA test-positive specimens were examined by our ELISA system (6) , and all were determined to be positive. Recently, the PCR method has been applied to the detection of group C rotaviruses by Gouvea et al. (8) . Although the sensitivity of the RPHA test is not comparable to that of the PCR method, the former test is faster and simpler and is more suitable for use for routine diagnosis in clinical settings.
In group A rotaviruses, genome electropherotyping of field isolates is a useful tool for obtaining epidemiological information about the origin of the isolates and diversity among these isolates, because each isolate reveals a unique genome profile (1, 22) . The genome electropherotypes of the isolates retrieved in 1993 were surprisingly similar to each other, regardless of the prefectures from which the isolates were obtained. Moreover, the dot blot hybridization analysis showed that the VP7 genes of the isolates were highly homologous. These results strongly suggest that a large-scale outbreak of CHRV occurred during the winter of 1992 and 1993 in Japan. However, further comparative analysis of other genome segments will be required to confirm this hypothesis.
The electropherotype of the K9304 strain, which represented isolates retrieved in 1993, was compared with those of the pattern I and II strains in the same gel. Although K9304 revealed a distinct genome profile tentatively designated pattern III, this electropherotype seemed to be a combination of patterns I and II. The sequence analysis of the VP7 gene from K9304 also showed that the VP7 gene of K9304 was similar to that of the pattern I strain. These results indicate that the K9304 strain may be a reassortant virus between the pattern I and pattern II strains, because it has been reported that natural reassortants occurred between human group A rotaviruses strains belonging to different genogroups (13, 24) . Quite recently, CHRVs have been successfully propagated in a continuous cell line (CaCo-2) (15, 21) . To clarify the genetic and antigenic relationship among three strains with distinct electropherotypes, we are now attempting to adapt these strains to CaCo-2 cells. 
